Summary. A sucrose density gradient centrifugation procedure for separating the subcellular components of washed and sonicated rabbit epididymal spermatozoa has been developed and applied to the subcellular localization of several sperm enzymes, including the acrosomal enzymes involved in penetration ofthe zona pellucida by the spermatozoon. These zona penetration enzymes were identified as hyaluronidase and a trypsin-like enzyme. They were extracted as a single complex, which sedimented in a sucrose gradient in the vicinity of proteins with molecular weights of 59,000. The combined action of these two enzymes in the acrosomal extract produces a rapid and complete dissolution of the zona pellucida, which can be completely inhibited by soybean or lima bean trypsin inhibitors. Thus, penetration of the zona pellucida must be an enzymatic process involving mainly the trypsin-like enzyme of the acrosome. The subcellular localization of catalase, carbonic anhydrase, and the two kinetic forms of lactic dehydrogenase are also described to demonstrate the contrast in subcellular localization.
INTRODUCTION
Passage of the spermatozoon through the zona pellucida is a rapid process, judging from the infrequency with which eggs are recovered with the sperma¬ tozoon in the act of penetrating this mucoprotein barrier. Although a number of points of indirect evidence favour the participation of hydrolytic enzymes in sperm passage through the zona pellucida, little success has yet been ob¬ tained in attempts to extract such enzymes from mammalian spermatozoa. Lowry, Rosebrough, Farr & Randall (1951) .
Enzyme assays
Since the rabbit sperm lactic dehydrogenase (LDH) 'X' sub-unit has the same kinetic properties as the ' sub-unit (Stambaugh & Post, 1967) , the 'M' kinetic type and total 'H' + 'X' kinetic type of LDH activity were deter¬ mined using the spectrophotometric assay method described by Stambaugh & Post (1966) . Hyaluronidase was assayed by the turbidimetric method of Tolksdorf, McCready, McCullogh & Sichwenk (1949) . Hydrolytic activity on denatured haemoglobin was measured by the procedure of Anson (1938) at pH 7-4. Catalase activity was measured spectrophotometrically by the method of Beers & Sizer (1952) . Carbonic anhydrase was measured by the electrometric method of Wilbur & Anderson (1948) . Ribonuclease was measured by the spectrophotometric procedure of Roth (1959) . Alkaline Shugar (1952) . Leucine aminopeptidase activity was measured by the procedure of Mitz & Schlueter (1958) . Hydrolytic activity for />-toluenesulphonyl-L-arginine methyl ester (TAME) was measured spectro¬ photometrically by the procedure of Hummel (1959) , and hydrolytic activity for benzoyl-L-arginine ethyl ester (BAEE) was measured spectrophotometrically by the procedure of Bergmeyer (1963 Mature New Zealand White female rabbits were injected with 100 i.u. of human chorionic gonadotrophin (hcg) and the ova were collected from the Fallopian tubes 13^h r later by lavage with Eagle's medium. The cumulus oophorus was dispersed in 1-ml embryological watch glasses by exposing the ova to 100 units of hyaluronidase in 1-0 ml of Eagle's medium. These partially denuded ova were transferred to 1-0 ml of Eagle's medium containing 80 mequiv./l of added bicarbonate ion for a 1-hr incubation at 37-5°C , which dis¬ perses the corona cells (Stambaugh, Noriega & Mastroianni, 1969) . At the end of this time the completely denuded ova were transferred to the medium which was to be tested for enzyme activity. The progress of zona dissolution was fol¬ lowed at 37-5°C under an air-curtain incubator on a slide with a coverslip sealed with Vaseline.
Molecular weight determinations
The molecular weights of hyaluronidase and trypsin were estimated using sucrose gradient centrifugation by the procedure of Martin & Ames (1961) . Catalase, rabbit BAEE, denatured haemoglobin and TAME is characteristic of the trypsin type of substrate specificity, the sperm enzyme was compared with crystalline trypsin by other criteria. Using BAEE as the substrate, a pH optimum of 8-2 was found for the sperm enzyme, identical to that for crystalline trypsin (Table 2) .
Trypsin is unique among the proteolytic enzymes in that there are a large number of naturally occurring specific inhibitors of its enzymic activity. One of these is a protein extractable from soybeans with a molecular weight of 20,000 (Steiner, 1954) . When this purified inhibitor was incubated with the sperm extract and BAEE, the trypsin-like enzyme was markedly inhibited, an action almost identical to that on crystalline bovine pancreatic trypsin. As shown in ^ona pellucida penetration enzymes 427 Table 3 , soybean trypsin inhibitor in a concentration of 10 Mg/ml depressed the enzymatic activity of both crystalline trypsin and the sperm enzyme to 10 to Table 2 ph optima for baee hydrolysis (Stambaugh & Buckley, 1967) . The hyaluronidase activity and BAEE hydrolytic activity were found in both the head and supernatant fractions and always in a relatively constant ratio to each other, indicating that they may exist as a single enzymatic particle. They were not found associated with the midpiece or tail fractions. In order to ascertain the source of the hyaluronidase and trypsin-like activi¬ ties, the pooled head fractions were fractionated further into nuclei and acro¬ somes. Removal of the acrosomes was accomplished with 0-05% Hyamine by a modification of the procedure of Srivastava et al. (1965b) . An isolated acro¬ some, removed by this procedure, is shown in PI. 2, Fig. D . The combination of the sucrose density gradient fractionation procedure with the use of Hyamine gave an uncontaminated extract of the acrosomes. Direct treatment of undisrupted and unfractionated spermatozoa with Hyamine, as described by Srivastava et al. (1965a, b) , probably results in an acrosomal extract containing plasma membranes and soluble cytoplasmic enzymes in addition to the acro¬ somal extract. The specific activities of hyaluronidase and the trypsin-like enzyme in the acrosomal extract as compared with the specific activities in the sperm heads, sperm nuclei, and whole sperm extract are shown in Table 5 .
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Richard Stambaugh and Jean Buckley Significantly, the specific activities of both enzymes were highest in the acro¬ somal extract, indicating that they were contained within this structure. The small amounts of enzymatic activity remaining in the nuclear fraction was the result of incomplete removal of the acrosomes by the detergent, which was apparent from microscopic examination of this fraction. Molecular weight determinations An attempt was made to estimate the molecular weights of the acrosomal hyaluronidase and trypsin-like activity by sucrose density gradient centrifuga¬ tion using the procedure of Martin & Ames (1961) . Surprisingly, the results (Text- fig. 2 Dickmann (1965) that the zona pellu¬ cida of the rabbit consists of two distinct layers.
The process of dissolution can be completely inhibited by soybean trypsin inhibitor (300 /ig/ml), or by the lima bean trypsin inhibitor (300 µg|ml), 431 indicating that the trypsin component of this extract must be the more import¬ ant enzyme in the dissolution process. This is supported by the authors' observa¬ tion that crystalline hyaluronidase (375 units/ml) has no visible action on the zona pellucida even after a 24-hr incubation at 37-5°C , but crystalline trypsin (5500 units/ml) will completely dissolve the zona in 10 min at this temperature. These data indicate that penetration of the zona pellucida by the spermatozoon is an enzymic process involving mainly the trypsin-like enzyme of the acro¬ some. The hyaluronidase may supplement this process, or its physiological function may be to thin the cervical mucus or disperse the hyaluronic acid matrix of the cumulus oophorus of the undenuded ovum.
Recently, the authors have been able to demonstrate the prevention of ferti¬ lization in vitro by these soybean and lima bean trypsin inhibitors though sperm motility was not affected by the concentrations involved (Stambaugh, Brackett & Buckley, unpublished) . This provides additional evidence that the trypsin-like enzyme is, indeed, responsible for the ability of rabbit spermatozoa to penetrate the zona pellucida.
DISCUSSION
The subcellular fractionation procedure described here provides a simple and direct method for the subcellular localization of rabbit sperm enzymes. The ability of the bicarbonate ion to disperse the corona radiata of the rabbit ova has been shown by Mastroianni & Ehteshamzadeh (1964) and Stambaugh, Noriega & Mastroianni (1969) , but, since carbonic anhydrase is not localized in the sperm head, it seems unlikely that this sperm enzyme is involved in bi¬ carbonate ion synthesis to facilitate penetration of the corona radiata. The sub¬ cellular distribution of the two kinetic forms of LDH is also quite interesting. The midpieces, containing the mitochondria and site of aerobic glycolysis, contain exclusively the 'X' and ' subunits, the LDH forms best suited for aerobic glycolysis (Stambaugh & Post, 1967) . The tail fibres, on the other hand, contain the 'M' kinetic type of LDH, which is the form best suited for anae¬ robic glycolysis (Stambaugh & Post, 1967) and is the type found in striated muscle. All forms of LDH were found in the soluble cytoplasmic fraction of the spermatozoa.
By contrast, the subcellular fractionation procedure demonstrated that the hyaluronidase and trypsin-like activities were localized in the acrosomes of rabbit spermatozoa. The narrow slit made by the entry of the spermatozoon might be regarded as evidence against the action of released enzymes. These two enzymes might, however, remain firmly attached to the inner acrosomal membrane during the zona penetration process and carry out their degradation of the zona while still attached to this structure. It is probable that both en¬ zymes are also components of the lipoglycoprotein complex described by Srivastava et al. (1965a, b) 
